Hypothalamic hamartomas (HHs) are typically located within the vicinity of the third ventricle. They can be attached to the walls of the third ventricle, within the interpeduncular cistern (third ventricle floor), and/or attached to the mammillary bodies and hypothalamus. Depending on their location, resection is performed either through the third ventricle, approaching from above, or via a frontotemporal craniotomy (pterional or frontoorbital), approaching from below. "Above" approaches typically include the transcallosal-anterior interforniceal approach, and recently, purely endoscopic approaches performed transforaminally.
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H ypotHalamic hamartomas may cause intractable seizures, typically "gelastic seizures," but also potentially various other seizure types. The "epileptic generator" is thought to arise from the HH itself, as demonstrated by direct intralesional recordings, and the electrical activity spreads to the adjacent limbic structures and hypothalamus. 9, 10, 13 Seizure activity arising from HH may not be shown on surface EEG studies, and even when abnormal EEG activity is demonstrated on surface recordings, it may be misleading with respect to the presumed epileptic focus. 21 Hypothalamic hamartomas are almost always located either inside or under the third ventricle, in the interpeduncular cistern. 7 The indication for treatment of HH is intractable seizures. Thus, the goal of treatment is not necessarily a total resection of the HH, but rather disconnection from the adjacent hypothalamus and mammillary bodies. [4] [5] [6] 16, 17, 20 Focused radiation has been described for the treatment of HH, but surgery remains the main treatment. 1, 12 Surgical approaches to HH vary and depend on the hamartoma's location. Recently, neuroendoscopy has gained popularity for lesions in the third ventricle. 2, 4, 6, [15] [16] [17] When the lateral ventricles are small, a comfortable approach may be gained with the use of navigation-coupled systems. 8, 14, 17, 19, 22 However, endoscopic surgery in small ventricles is challenging and may lead to injury to the basal ganglia and related structures, especially when larger endoscopes are used. We describe a combined approachopen microsurgical and endoscopic-to maximize safety in resecting third ventricular HH.
We present 2 cases involving young girls with refractory seizures attributed to small HHs in the third ventricle. Both patients had relatively small lateral and third ventricles, and we therefore decided not to perform a purely endoscopic approach, but rather a combined open and endoscopic approach. movements of the right limbs and face. Additionally, she suffered from atonic drop attacks, opisthotonos, and mouth deviation or twitching. Over the years, there had been an escalation in the intensity and frequency of the seizures. Findings of neurological examinations performed between seizure events were normal.
Magnetic resonance imaging of the brain revealed a small HH within the third ventricle, adherent to the right hypothalamus (Fig. 1A) . The lateral and third ventricles were relatively small. Multiple video EEG studies did not show any seizure activity. Five antiepileptic drugs had failed to control the seizures.
In 2009, the patient underwent Gamma Knife surgery to the lesion with no subsequent improvement in her complaints. She was diagnosed as having psychogenic paroxysmal dystonia.
After exhausting various medical treatments, the parents opted for surgical treatment.
Operation. Due to the small ventricles, and small foramina of Monro, a pure endoscopic approach was not chosen. However, it was estimated that performing an "open" approach to the lateral ventricle would enable a safe placement of the endoscope into the third ventricle and a more controlled lesion resection (Fig. 2) .
A right interhemispheric, transcallosal approach was performed using standard navigation with the patient positioned supine and her head in neutral position. The corpus callosum was longitudinally opened for 20 mm, and the right ventricle was entered. The choroid plexus over the foramen of Monro was coagulated, and a small foramen of about 3-4 mm was exposed. At this stage a 12° Oi endoscope (Oi HandyPro Neuroendoscope, Karl Storz) was placed through the foramen of Monro, and the HH was clearly visualized adherent to the right hypothalamus (Fig. 1B) . Using the endoscopic monopolar probe, the interface between the HH and right hypothalamus was coagulated. The lesion was removed piecemeal using endoscopic cap forceps (Video 1). Postoperative Course. Following surgery, there was a complete resolution of the seizures. Postoperative MRI showed complete resection of the lesion (Fig. 1C) .
Case 2
History and Presentation. This 18-year-old girl had a history of refractory seizures since infancy. She was diagnosed as having an HH and underwent partial resection of the interpeduncular component at the age of 4 years. The resective surgery was followed by radiosurgery to the residual lesion.
Despite these treatments, the girl suffered multiple daily seizures, including gelastic seizures and rage attacks, and a general somnolent affect probably secondary to a near-constant postictal condition.
Brain MRI showed an HH adherent to the right hypothalamus, with an infraventricular component (Fig. 1D) . The patient's lateral and third ventricles were relatively small.
Due to the failure of previous treatments we opted to proceed with surgical disconnection. Because of the small size of the ventricles, we performed a combined surgery.
Operation.
The technique was similar to the above description-a right interhemispheric approach was used, followed by a transforaminal endoscopic resection of the intraventricular component of the HH, using a 30° MINOP (Aesculap) endoscope. The lesion was relatively avascular, and was resected in a piecemeal manner using endoscopic cap forceps (Video 2). The infraventricular component was not resected. 
Discussion
Hypothalamic hamartomas are almost always located either inside or under the third ventricle, in the interpeduncular cistern. 7 Lesions located within the third ventricle are usually approached from "above"-through the ventricles, while those in the interpeduncular cistern, or the very anterior lesions, may be approached from "below"-through the basal cisterns. 7 Most approaches in which HHs are approached from "above" are transventricular. Because of the relatively anterior location of the HH within the third ventricle, Rosenfeld described and perfected his transcallosal, anterior interforniceal approach. 18 Over recent years, several groups have described and gained a large amount of experience in purely endoscopic approaches for resection and disconnection of HHs. 2, 4, 6, [15] [16] [17] The advantages of the transcallosal, anterior interforniceal approach are that it is an open, fully controlled, microsurgical approach; however, the distance to the third ventricle is far, the working space is small, and this approach may risk both fornices. 18 In contradistinction, the pure endoscopic approach is relatively straightforward and includes stereotactically placing the endoscope transcortically into the lateral ventricle, then through the foramen of Monro, enabling a "line of sight" to the contralateral HH-hypothalamic interface. 15 There are no defined ventricular dimension limits for the use of endoscopy in the current literature. Endoscopic third ventriculostomy has been described to be feasible through small ventricles. 3 However, to perform an endoscopic resection, more space is required. For advanced procedures, larger endoscopes may provide better optics, the usage of bipolar coagulation, and insertion of endoscopic ultrasonic aspirators. The ventricles need to be sufficiently large to safely accommodate the endoscopic hardware, and enable passage through the foramen of Monro. Performing endoscopic surgery in small ventricles is feasible, especially when the endoscope is coupled with a navigation system and the surgeon is experienced. 8, 14, 17, 19, 22 However, it is important to emphasize that entering and working within small ventricles with a 5-6 mm scope may cause tissue injury even with stereotactic assistance.
In 1998, Gaab et al. 8 briefly mentioned performing endoscopic resection of lesions in the trigone (a cavernoma and a hemangioma) in 2 patients with no hydrocephalus. The endoscopic technique was applied through a transcallosal approach, but the authors do not elaborate on the technique or indications for the combined approach.
The combined approach described above, enabled a straightforward approach to the lateral ventricle and foramen of Monro. Our approach differs from the endoscopic approach described by Delalande, Rekate, and others in that we entered through the right ventricle and foramen of Monro despite the lesion's being attached to the right hypothalamus. 5, [15] [16] [17] The reason was that in using the interhemispheric route, the working trajectory was almost vertical, in contrast to the trajectory in the endoscopic, transcortical, transventricular approach described by others. Thus we had good and nearly symmetrical control on both sides of the third ventricle. It should be noted, however, that the ipsilateral HH-hypothalamic interface could be more easily seen than that on the contralateral side. Thus, in a left-sided HH, a left interhemispheric approach (also through the left foramen of Monro) would be preferred.
Using a small endoscope enables a safe entry though the narrow foramen of Monro relative to a microsurgical transforaminal approach. The use of a small-diameter endoscope (up to 6 mm) prevented us from using the endoscopic CUSA (Cavitron ultrasonic surgical aspirator) described by Rekate et al., 11 but monopolar disconnection and piecemeal resection were easily achieved. It is important to note that HHs are relatively avascular and may be resected with minimal cautery, thus avoiding the risk of thermal injury to the hypothalamus.
Conclusions
Combined open and endoscopic resection of third ventricular HH may be a safe and preferred technique in patients with small HHs and small ventricles.
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